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Patronage Analysis for Electronic Ticketing Systems
1. Introduction
Electronic ticketing systems (ETS) for buses have been implemented in many cities in
Australia. The advantage that ETS provides is the automatic transfer and summary of
information on patronage and fares, avoiding manual data entry and its associated
delays and potential for transcription error. By automating accounting and
administration processes, generating revenue and passenger loading reports, the bus
operator is able to monitor operations more effectively than in the past. The data
collected from ETS will give more precise loading passenger information for preparing
timetables, bus and crew schedules and even maintenance schedules which are more
consistent with passenger demand. The need for regular and expensive data surveys
for passenger demand can be kept to a minimum.
Timetables in Australia are presently constructed manually throughout all private
transit systems with little input from the data collected by ETS.  One reason is that the
demand analysis by time of day using ETS data is not generally available. It is this
absence of temporal demand information that motivated a study to develop patronage
analysis using the data from the electronic ticketing system (AES Limited, 1989) of
bus operators in the S llharbour Municipal of New South Wales, Australia. The study
was initiated by the ongoing Shellharbour Transport Monitoring Project (1992-1993),
undertaken by the Institute of Transport Studies (Hensher et al., 1992).
In the literature, concentration has been focused on the design of accurate measures of
data collection (Attanucci et al., 1982) and data survey strategies (e.g. Smith, 1990).
While the pros and cons of the different data collection mechanisms are extensively
addressed (Smith, 1990), relatively little attention has been paid to the effective use of
a computerised ticketing system which can accurately record passenger boarding
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information. For example, passenger loading information is collected by either rider
check (Furth, 1988) or on-board survey methods (Stopher, 1983). With the advance of
the on-board computer technology, manual data collection should be certainly kept at
a minimum. We acknowledge the need to occasionally conduct on-board surveys
capable of identifying the socioeconomic profile of bus users as well as their attitudes
to a service: electronically generated data by transit systems should be used more
effectively, resulting in a reduction in manual data surveys.
In the following sections, we describe the background of the Shellharbour Transport
Monitoring Project (Section 2) and the basis of the electronic ticketing system used by
the bus operators in the Shellharbour Municipality (Section 3). In Section 4, the theory
and method for deriving patronage information are outlined. Section 5 presents a
computer package called Patronage Analysis System for Electronic Ticketing
(PASET) for the applications of the formulae presented in Section 4. Section 6
demonstrates sample results from the Shellharbour Transport Monitoring Project.
followed by conclusions in Section 7.
2. Shellharbour Transport Monitoring Project
Shellharbour, approximately 130 kms from Sydney, is located between Wollongong
and Kiama, in New South Wales. The municipality of Shellharbour has recently
introduced a demand responsive bus transit system, jointly sponsored by the Australia
Federal Government and the Federal Government of Germany. This system, called
Flexible Operation Command and Control System (FOCCS), provides information to
enable the buses on a fixed route to make a detour whenever there is passenger
demand that is not in the main transit stream. This can be fulfilled by communications
between the passengers, the computer control centre and bus drivers.
The system under trial is designed to benefit the bus operators, the travelling public
and the community as a whole. It will provide a real-time route planning service,
varying by time of day and day of week, constantly optimising itself to the changing
and evolving transport demand of the public. The monitoring project emphases four
research areas:
. Operational assessment
. Financial evaluation from the perspective of the private bus operators
Williiam Zhu Patronage analysis
-  4 -
. Cost-benefit analysis to identify the impact on the operators, users and other
groups, and
. Social analysis to establish community acceptance
This paper is a contribution to the operational assessment phase of the project,
focusing on the theoretical background of the passenger patronage analysis.
3. The Electronic Ticketing System
An Electronic Ticketing System (ETS) provides disaggregate real time data on
passenger boardings and alightings by fare type. The ETS specification adopted by the
Shellharbour Bus Transit Systems groups bus stops into sections so that fares are
collected based on the section information. When a passenger boards a bus, the driver
determines the section that the current stop belongs to and how many sections the
passenger will travel before issuing the ticket. The data useful for identifying
patronage is:
. Route: route number of a running bus
. Direction: direction of the route
. Date: the data that a passenger boards the bus
. Time: the boarding time of the passenger
. Trip: the trip that the passenger undertakes
. Ticket type: indicating how many sections to travel
. Ticket class: class of adult, pensioner, and child
. Ticket category:category of single ride, multiple ride, and travel passes.
. Fare: fare collected according to the ticket type, ticket class, and
ticket category
Other ETS data involved are used for accounting and administration purposes.
Although individual boarding information gives detailed passenger demand, the overall
temporal pattern of passenger demand throughout the day and between sections is not
clear. In particular, the number of loading passengers along the route during each time
of day cannot be obtained from the individual boarding data. Thus bus occupancy
cannot be determined from passenger boarding information alone. Bus occupancy
information is of vital importance to management, in monitoring the quality of service.
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In the next section, formulae will be developed to derive the information on the
number of loading passengers.
4. Passenger Patronage Analysis
Passenger patronage in a section, is the number of passengers boarding the bus in that
section, referred to as the number of boarding passengers. The number of boarding
passengers varies throughout the time of a day and from section to section. If the
operational period of the day is denoted as [0,T] (without generality, we can assume
the operation starts at time 0), the number of boarding  passengers in a section,
denoted as b(t), has the following continuous form (Figure 1):
T0 Morning peak Afternoon peak
Number of boarding passengers, b(t)
Time of day
Figure 1  Number of boarding passengers in a section
The number of boarding passengers in a time interval [t1, t2] is the integration of b(t)
over [t 1, t 2]:
õó
 t1
 t2
 b(t)dt (1)
The continuous pattern of the number of boarding passengers on a route during the
period [0,T], denoted as b(s,t),  can be depicted in three dimensional form (Figure 2),
where s represents the continuous points along the route. The interval of the route is
denoted as [0,S], represented by coordinate (S,0) in section-time plane of Figure 2.
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No. of  boarding passengers, b(s,t)
Section
Time
(0,T)(0,0)
(S,0)
Figure 2  Number of boarding passengers in three dimensional view
The number of alighting passengers on a route, a(s,t), has a similar continuous pattern,
with the difference that the peak points of the surface shift to the larger scale of the
section and time axes respectively (Figure 3).
No. of  alighting passengers, a(s,t)
Section
Time
(0,0) (0,T)
(S,0)
Figure 3 Number of alighting passengers in thr e dimensional view
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The number of loading passengers on a route, L(s,t), is the cumulative difference
between the numbers of boarding and alighting passengers taking into account the
elapsed time:
L(s,t) = 
õ
ô
ô
ó
 0
 s
 [b(x, t -õó
 x
 s
 v(x',t)dx') - a(x, t -õó
 x
 s
 v(x',t)dx')]dx (2)
where, v(s,t) is the travel time rate of the bus arriving at (s,t). For example, the travel
time of the bus arriving at (s2,t) from section s1 is expressed by:
õó
 s1
 s2
 v(x,t)dx (3)
Thus, if the bus starts at time t -õó
 s1
 s2
 v(x,t)dx  and section s1 then it will arrive at (s2, t),
e.g. section s2 and time t.
L(s,t) has the similar continuous pattern as b(s,t) and a(s,t) with the difference that it
usually reaches its maximum at the middle point of the route, which indicates the
heaviest loading in the bus along the route (Figure 4).
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No. of  loading passengers, L(s,t)
Section
Time
(0,T)
(S,0)
(0,0)
Figure 4  Number of loading passengers in three dimensional view
In reality, the boarding and alighting passenger information has to be collected in
discrete units due to the discontinuous nature of bus stops and the discrete and random
arriving behaviour of passengers. To cope with this, an operation period [0,T] can be
divided into n subperiods [ti-1, ti], called time period i (i=1,2, ... , n, t0 = 0, tn = T). The
division of the time periods depends on the changing pattern of passenger demand.
Given that the boundaries between peak and non-peak periods is arbitrary, we
recommend that the duration of each time period be divided on an hourly basis.
It is not always the case however that a detailed division can result in a better
approximation to the continuous form;  the boarding passenger information may not be
collected in particular time periods due to the random arriving behaviour of
passengers.
Suppose there are S sections along the route. In section s and time  period i, the
number of boarding, alighting and loading passengers are denoted as bsi, asi, and Lsi
(s=1, 2, ... , S, i=1, 2, ... , n) respectively. Furthermore, let us denote the travel time of
the bus from section s to the next section starting in time period i as vsi (s=1,2, ... , S,
i=1,2, ... , n).
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The data collection for bsi (s=1,2, ... , S, i=1,2, ... , n) is straightforward: the section
and time of a boarding passenger can be used to decide which section and time period
the passenger is added. Since the electronic ticketing systems in Shellharbour do not
record alighting passenger information, ticket type indicating the number of sections to
be travelled will be collected to calculate the time that the a passenger will alight based
on the travel time between sections. In future, light beams or pressure pads may be
used to register alighting passengers depending on the installation and operating costs,
and operator acceptance.
Suppose a passenger boards the bus in section s and at time t  [ti-1, i] by ticket type j
(j sections to travel, s+j+1 £ S). According to the travel time of the bus from one
section to the next section, the passenger will alight in section s+j+1 at time t':
t' = t + vs,d
0
(s,t)  +  vs+1,d
1
(s,t)  + ... + vs+j,d
j
(s,t)  = å
k=0
j
vs+k,d
k
(s,t) (4)
dk(s,t) is the time period number that the bus belongs to after the bus travels k
sections, starting in section s at time t. dk(s,t) also depends on serial travel times in the
previous sections between sections s and s+k, which reveals a dynamic feature along
the time horizon (k=0,1, ... j). d0(s,t) = i since t  [ti-1, ti].
For example, assume two time periods [t0, t1] = [6:00, 7:00] and [t1, t2] = [7:00,
8:00]. The travel time from section 1 to section 2 in time period 1 is 30 minutes.
Starting at 6:45 in section 1, the time period that the bus in section 1 belongs to is
d0(1,6:45) = 1 since 6:45  [6:00, 7:00]. The time period that the bus travelling to
section 2 belongs to is d1(1,6:45) = 2 since the arrival time in section 2 is
t' = 6:45 + 0:30 = 7:15  [7:00, 8:00].
The alighting passenger can  thus be added to the number of alighting passengers in
section s+j+1 and the time period that the arrival time t' belongs to. That is, if t'  [ i'-1,
ti'], then
as,i' = as,i' + 1 (5)
Once the numbers of boarding and alighting passengers are calculated, the number of
loading passengers in a section and a specific time period can be calculated by
approximating the continuous form of the loading passengers (Equation 2) into
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discrete form. While this is complicated, there is a more simplified way to deal with it
by directly using the original passenger boarding data.
If a passenger boards the bus in section s at time t with ticket type j, the passenger will
travel across section s to section s+j and finally alight in section s+j+1 (s+j+1 £ S).
This means that the passenger will be loaded in the bus from section s to section s+j in
different time periods. Therefore a passenger should be added to the number of
loading passengers from section s to section s+j according to the time periods, dk(s,t)
(k=0,1, ... , j), that the arrival time belongs to in each section:
Ls+k,d
k
(s,t)  = Ls+k,d
k
(s,t)  + 1                          (k=0,1, ... , j) (6)
Likewise, the calculation of dk(s,t) depends on section s and time t from which the bus
starts and travel times along sections between section s and section s+k (k=0,1, ... , j).
Travel time from one section to the next section in a time period is used to estimate
the arrival time of the bus after travelling several sections and hence is used to
determine the time period that the bus belongs to. The travel time data obtained from
the electronic ticketing system is obtained in a straightforward means by averaging the
travel time of individual trips from a section to the next in each time period for a
certain range of days. The range of the days should be sufficient to obtain all travel
times from one section to the next section. It should also be based on the operational
characteristics of the bus transit system, such as school and non-school days, weather,
etc. The date range that overlaps the period of different characteristics should be
avoided. This type of travel time data is more reliable than the data collected from on-
board survey since the data survey is typically only conducted for a limited number of
days.
5. Computer Program, ITS-PASET
A computer program, called Patronage Analysis System for Electronic Ticketing
(PASET), has been developed during the course of the project to implement the
described method. The program has the following features:
- it summarises average travel times from a section to the next in each time
period for a specified data range
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- it summarises total or average boarding, alighting and loading passengers for
a specified date range, time range, and section range.
- it summarises total or average revenue collected from tickets for a specified
date range, time range, and section range.
The program has the ability to display data in both numeric and graphic modes, and
toggle between them using a single key touch. The following parameters are the basic
inputs of the program:
Route: a route number in the transit system.
Direction: direction of the route.
Date range: a date range in which all individual passenger boarding data will be
summarised.
Time range: a time range in which the summarised data for the specified date
range will be displayed.
Section range:a section range between which the summarised data for the specified
date range will be displayed.
Ticket class: ticket class to be summarised. The available options are adult,
pensioner, child, or all of them.
Ticket category:ticket category to be summarised. The available options are single
ride, multiple ride or all of them.
View value: value to be viewed. These values are travel time, loading passengers
(including boarding and alighting passengers), and revenue from one
section to the next section.
View option: four options are available:
Total - section:the data for the specified date range are totalled
for the specified section range and displayed along
the specified time horizon.
Average - section:the data for the specified date range are averaged
for the specified section range and displayed along
the specified time horizon.
Total - time: the data for the specified date range are totalled
for the specified time range and displayed along
the specified section horizon.
Average - time:the data for the specified date range are averaged
for the specified time range and displayed along
the specified section horizon.
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The output of the program consists of the numbers of boarding, alighting, and loading
passengers in each section and time period in either tabular or graphic mode, within
user specified time and section ranges. Revenue information can also be included
depending on the options selected by a user. The output can also be saved to a text file
in tabular format so that the user can integrate the data into available statistical
packages (e.g. SPSS) or spreadsheet software (e.g. Lotus 123) to perform further
analysis.
The program has been developed in C and implemented on IBM compatible micro-
computers. It is designed with popup menus which are fully consistent with ETS,
allowing in the future for full integration into ETS. To analyse the patronage data, the
user should first prepare travel time data by either loading a set of  pre-saved travel
time data or averaging the travel time data from ETS using the module supplied by the
program. Then the user can analyse the data from ETS and display the results in both
text and graphic modes.
6. Sample Results
A bus route, Route 51,  in the Shellharbour Municipality has been chosen to
demonstrate the output of  the program. There are 23 sections along the route. The
operating period of the route is 5:00 am - 10:00 pm. The outbound operation of the
route starts at Albion Park Rail Station in Shellharbour and terminates at the Railway
Station in Wollongong and vice versa for the inbound operation. Both directions are
analysed. The results are depicted in Figures 5, 6, 7, 8.
Figures 5 and 6 show the total number of passengers along the operational period
summarised according to the specified date range for the outbound and inbound
operations of the route respectively. Figures 7 and 8 represent the total number of
passengers outbound and inbound along the entire route respectively, summarised for
each section over the whole operating period. These figures are displayed together
with revenue information which reveals a similar pattern as the total number of
boarding passengers. When a different range of date, time, or section are specified,
different results are plotted. Due to the length of the paper, these results are not
presented.
Figures 5 and 6 reveal peak periods: [6:00, 9:00] and [14:00, 17:00] for outbound
travel and [6:00, 10:00], and [16:00, 18:00] for inbound travel respectively. From the
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outbound operation there are more passengers in the afternoon than in the morning,
while from the inbound operation there are more passengers in the morning than in the
afternoon. This verifies the observation that the majority of passengers travel from the
Wollongong area to Shellharbour in the morning and return in the afternoon.
Importantly, this information helps the planners to identify the peak periods
analytically rather than by natural observation, and establishing the relativities on a
section and time period basis of loading, alighting, loading and revenue as well.
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Figures 7 and 8 give us a clear view that the pattern of the number of loading
passengers may not agree with the number of boarding passengers because of the
cumulative behaviour of loading when there are more boarding than alighting
passengers. It removes any misleading perception which is often neglected that the
number of boarding passengers can be used to construct a timetable to meet passenger
demand which is not true in most cases. Although the number of loading passengers
may not precisely represent passenger demand, it provides important information
about bus occupancies which are basic data for timetable construction and bus
scheduling.
7. Conclusion
Patronage analysis using data from electronic ticketing systems automates the
processing of data collection and thus minimises the need for expensive data surveys.
In analysing passenger patronage, formulae for calculating the number of boarding,
alighting, and loading passengers in each divided time period and in each section are
proposed. A computer program has been written to implement the developed
formulae. The program has the flexibility of analysing passenger patronage for any
specified range of date, time, section, ticket class, and ticket category. The results
from the program offer very useful graphical and tabular information about passenger
demand, bus occupancy, revenue of ticket by time of day and from section to section.
This can assist the bus operator in preparing timetables, and bus and crew schedules
subject to bus capacity, bus fleet size limitation and crew size limitation. It will also
help bus operators in identifying the bottlenecks and thus contribute to improving
service efficiency and effectiveness.
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